A Doppler echocardiographic study was performed to evaluate the hemodynamic performance of three 19 mm size currently used bileaflet valve prosthesis (St Jude Medical Hydrodinamic Plus, Sorin-Bicarbon and Carbomedic Reduced) implanted in aortic position. Methods: Patients, 30, with the same profile receiving 19 mm size valve (ten for each valve type) were selected when body surface area (BSA) was \1.7 m 2 . Doppler echocardiography was carried out at rest and after exercise, 60 days after surgery. Peak (Pg) and mean (Mg) gradients across the valve were recorded: the effective orifice area (EOA), and performance index (PI) were calculated. Results: No significant differences were observed between St Jude Medical and Sorin Bicarbon as far as peak and mean gradient, effective orifice area and performance index at rest and after exercise. A significant difference (P B0.05) was demonstrated in the above mentioned parameters when Carbomedics-R valve were tested. This type of valve showed a lower EOA and PI with higher Pg and Mg gradient both at rest and after exercise. Conclusion: The St Jude Hydrodymanic plus (Hp) and Sorin Bicarbon valves had similar performance and a better hemodynamic trend when compared to the Carbomedics-R valve in patients with large body surface areas. The Carbomedics-R valve shows a ineffective use of the total area of the prosthesis both at rest and after exercise. © 1997 Elsevier Science B.V.
Introduction
Bileaflet valve are nowadays, widely used as aortic mechanical prosthesis in the aortic position. However, when a prosthesis B 21 mm is used, it may result in a variable degree of flow obstruction, depending on the device and the patient's body surface area. In the presence of a replacement device mismatch, this may be a serious iatrogenic disease that produces persisting or increasing left ventricular dysfunction, hemolysis and a very difficult reoperation [1, 2] .
To evaluate the hemodynamic performance of small diameter bileaflet valve we studied a selected patient population with a relatively large body surface area and small aortic annulus by means of Doppler echocardiography at rest and after exercise.
Patients and methods
The patients population included 12 women and 18 men ranging from 56 to 70 years of age who underwent aortic valve replacement with 19 mm size of St Jude Hydrodynamic plus (StJ HP), Carbomedics Reduced (CMR) and Sorin Bicarbon (SB) between January and December 1994.
The patients were divided into three groups of patients (ten for each group) according to the valve type.
Patient's characteristics were similar in all groups and are reported in Table 1 . Only patients with body surface area (BSA) \ 1.7 m 2 were included in the study. Twenty-one of them underwent valve replacement for severe aortic stenosis while the remaining nine for mixed lesions (stenosislincompetence). All patients received a complete annulus decalcification and the view of the intraoperative field dissuaded the aortic annulus enlargement.
The follow-up Doppler examination was meanly 60 days after surgery. All patients were in New York Heart Association I at the time of the follow up examination and were in sinus rhythm.
Echocardiography was performed with a HewlettPackard (HP) model 77025A echocardiograph with a 2.0-2.5 MHz transducer (HP).
Doppler studies were performed at rest and after 3 min after treadmill exercise testing with the Bruce protocol. The exercise was prolonged until at least 85% of the maximal age-predicted heart rate was reached.
Doppler measurements
The modified Bernoulli equation was used to calculate the instantaneous pressure gradients across the prosthesis. The velocity in the LVOT was considered in the gradient calculation by including it in the equation. The mean pressure gradient was calculated by averaging the gradient at 40 ms intervals throughout the velocity complexes. The measures of PkV were performed with a pulsed wave Doppler using the lower angle as soon as possible. The peak velocity was obtained averaging from three velocity. Velocities across the prosthesis were recorded a few minutes after the end of the exercise because at this time the peak flow velocity reaches its highest level.
The effective orifice area (EOA) of the valve was calculated with the continuity equation by the simplified peak velocity methods as EOA=CSA (PkV LVOT /PkV jet ), where CSA is the cross-sectional area of the left ventricular outflow tract (LVOT) and PkV LVOT and PkV jet are the maximum velocity in the LVOT and across the valve, respectively.
This simplified method has shown a good correlation with that of the original continuity equation. Furthermore, cross-sectional area of the LVOT was determined assuming that the sewing ring of the valves is the cross-sectional area of the LVOT. This eliminated the variability of the various measurements and should be the method of choice when the valve size is known [2] The performance index (PI) is a measure of how effectively the external dimension of the valve is used in providing forward flow and it is defined as the effective area divided by the sewing ring area.
Statistical analysis
A comparison of continuous variables between groups of patients were performed by an unpaired Student's t-test. Data are expressed as mean 9 1 S.D.; P valuesB 0.05 were considered significant.
Results
After exercise, heart rate, systolic blood pressure and cardiac output increased significantly in all patients and non difference in exercise parameters were found between patients receiving different valve types.
We noted any influence of the shape of the velocity profile in the LVOT of the measurements of PkV LVOT while the influence of the interobserver variability of the septal thickness was increased at least 10% in all patients and there was not found any dynamic obstruction in LVOT.
Doppler echocardiography findings at rest and after exercise are shown in Table 2 .
Peak and mean gradient of Carbomedics-R were significantly higher than the other two valve types while the effective orifice area and performance index were significantly lower. However, the CM-R valve, when considering similar increases in cardiac output with exercise had a proportional increase in flow velocity across the valve and therefore the increase in gradient was less inferior than expected.
The effective orifice area of CM valve in the resting and after exercise conditions were slightly lower than the theoretical value reported from manufacturer (1.7 vs. 1.22 cm 2 at rest and 1.34 cm 2 after exercise). The increase of EOA was evident after exercise and this data confirms the ineffective use of the total area of the prosthesis. 
Discussion
Several authors demonstrated discrepancies between Doppler and catheter hemodynamic studies in bileaflets mechanical valves [3] .
Other clinical investigations comparing invasive and non invasive techniques confirmed the over or understimulation of catheter-derived data respect Doppler evaluation [3] .
According to this, we should therefore consider our study as indicative parameters with a possible degree of limitation.
However, device-patient mismatch, is an important clinical feature that needs to be taken into account [4] and further studies on the different bileaflet valve available on the market may provide valuable information on valve performance and influence the subsequent device choice.
In our study we selected a mixed population of patients that present both over weight and body weight in balance. Therefore we have considered the body surface area \1.7 m 2 the possible device mismatch according with other authors [4 -6] .
Nowadays, the new prosthetic design and technology has produced improvement on the device performance enhancing the internal orifice area.
In our study, there are some discrepancies between the manufacturer specification about the calculated internal orifice area and the Doppler derived effective orifice area. However, the trend and the difference between the valve may be explicative of their in vivo performance.
The evaluation of this small but particular group of patients allowed us to conclude that St Jude-HP and Sorin Bicarbon valves produce similar performances in vivo with better hemodynamic trend respect Carbomedics-R valve in the 19 mm size. The Carbomedics-R valve shows a ineffective use of the total area of the prosthesis both at rest and after exercise [2] . It is difficult to determine the reasons but it is possible that it may be due to a smaller inner diameter, and so a smaller internal orifice area, with a minor degree of opening angle of the leaflets. designed as different approaches to a solution for the small aortic annulus. The St. Jude HP 19 outside cuff diameter actually measures in excess of 22 mm, the Sorin is larger, and the Carbomedics is somewhat B 19 mm. The potential relationship between the outside diameter, orifice size and gradient is obvious: a larger outside diameter will give a larger orifice and thus a smaller gradient. The problem is that the valve with the larger outside diameter will not fit into as small an aorta as one with a smaller outside diameter. If one is going to compare hemodynamics between aortic valves, they should first both be supra-or intra-annular and both should be able to fit into the same aortic location in a secure manner. If this had been the criteria for selection instead of comparing valves whose boxes bear the same arbitrary numbers, the resulting gradients would have been considerably different than presented in this paper. I understand that the European Community Commission for standardization is developing such guidelines at present.
Dr Noera: I agree on that, but the tolerance in mm of the real size for defining 19 size valve on the market is 9 2 mm. Therefore what it was proposed by the manufacturers was the object of our study. All patients had a supra-annular implantation.
Dr Marko Turina (Zürich, Switzerland): I would like to bring to your attention the results which were obtained in Zü rich with intraoperative pressure gradient evaluation in 19 and 21 SJM aortic prosthesis. Doppler measurement by transesophageal echocardiography was compared to the direct transvalvular pressure measurements utilizing two matched catheters. Gradients were measured at three different hemodynamic conditions, utilizing atrial pacing and catecholamine infusion. We found that echo overestimates the gradient by a factor of 2 -3. The actual numbers calculated by work performed by Dr. Laske in our institution, was 5 mmHg by direct measurement vs. 15 mmHg gradient by echo. So I must caution against relying solely upon echo measurements when evaluating bileaflet valves.
Dr Noera: Yes. I agree but there are differences between transthoracic and transoesophageal Doppler echocardiographic measurements, between open chest and closed chest hemodynamic parameters especially at the end of the cardiopulmonary bypass. We usually perform echo to monitor these patients after surgery. It is difficult for me to use any invasive technique for studying this type of patient.
Dr Alessandro Mazzucco (Verona, Italy): I share the criticism expressed by Professor Turina, but in addition, I would like to ask if you have considered as an alternative an enlarging procedure on the aortic annulus in order to implant a larger size prosthesis in patients with a body surface area \ 1.7 m 2 . Indeed, any 19 mm-size mechanical prosthesis of any manufacturer will produce a significant residual degree of obstruction which will later lead to progressive left ventricular hypertrophy, with its associated increased risk of late mortality. In my department we have since long adopted a general policy of routinely enlarging the aortic annulus in any adult patient whose aortic annulus would not accept a 21 mm-size prosthesis. The procedure is simple, fast, reliable, does not add additional risk to the operation and permits the implant of at least a size larger prosthesis.
Dr Francis Fontan (Bordeaux, France): I would also express some concerns with echocardiographic studies regarding the gradients. All echocardiographists know, that they overestimate the gradients, and certainly as you did in part in your study, the calculation of the effective orifice area, thanks to the continuity equation, is certainly a better measurement. As it was already said, sizes are not always reliable from the manufacturers. I would like to know if you were able to get from the manufacturers for each different prosthesis that you studied the effective orifice area since all these valves are FDA approved, and if you got these numbers, what are they as compared to your calculation of the effective orifice area?
Dr Noera: For the first question. In only one case I had to enlarge the aortic annulus among about 200 patients in the last 3 years in our Clinic. I think that this procedure is interesting but may be a hazard. All the valves that we have studied had acceptable postoperative gradients. The performance index in our study is calculated by the manufacturer-reported data. For the St Jude it was about 2.01, 1.81 for Sorin and 1.7 for Carbomedics. Comparing the echocardiographic data there is some degree of difference.
Dr Fontan: In which direction are your figures, higher or lower? Dr Noera: Low. Dr Fontan: I mean when you calculate an effective orifice area, the figures you find, are they higher or lower than those provided to you by the manufacturers? Dr Noera: Carbomedics was lower, Sorin was higher and St Jude was equal.
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